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Introduction
This report provides estimates of annual agricultural use of 190 pesticide compounds for counties and selected watersheds of Midwestern States for 2012 and 2013 compiled for subsequent analysis by the National Water-Quality Assessment Program, Midwest Stream-Quality Assessment (MSQA). One of the goals of MSQA is to characterize contaminants at perennial-stream sites throughout the Corn Belt. Evaluating pesticide inputs from agricultural sources will aid in that characterization.
Crop acres for selected Midwestern crops were obtained from the Cropland Data Layer (CDL) of the U.S. Department of Agriculture's (USDA) National Agricultural Statistics Service (NASS) (USDA, 2013 (USDA, , 2014 and used in conjunction with GfK Kynetec, Inc. (GfK) proprietary Crop Reporting District (CRD)-level pesticide-use data to estimate pesticide use for counties and watersheds. Estimated pesticide use (EPest) values were calculated by using both the EPest-high and EPest-low methods described in Thelin and Stone (2013) . The distinction between the EPest-high method and the EPest-low method is that there are more counties with estimated pesticide use for EPest-high compared to EPest-low, owing to differing assumptions about missing survey data (Thelin and Stone, 2013) .
Pesticide-use estimates from this study are suitable for making national, regional, and watershed assessments of annual pesticide use; however, the reliability of estimates generally decreases with scale. For example, detailed interpretation of use intensity distribution within a county is not an appropriate use. Although county-level estimates were used to create the maps and are provided in the dataset, it is important to understand that surveyed pesticide-by-crop use was not available for all CRDs and, therefore, extrapolation methods were used to estimate pesticide use for some counties. Surveyed pesticide-by-crop use may not reflect all agricultural use on all crops grown. In addition, state-based restrictions on pesticide use were not incorporated into EPest-high or EPest-low estimates. EPest-low estimates are more likely to reflect these restrictions than EPest-high estimates. With these caveats in mind, including other details discussed in Thelin and Stone (2013) , the maps, graphs, and associated county-level use data can be used to fill a critical data need for water-quality models and provide a comprehensive graphical overview of the geographic distribution and trends in agricultural use in the conterminous United States.
County-level and watershed-level estimates of annual agricultural pesticide use are provided as downloadable, tab-delimited files for both EPest-high and Epest-low. Summary graphs of MSQA watershed-level pesticide use for selected crops are also provided.
Estimation Methods
Estimation methods follow those described in Thelin and Stone (2013) except the manner for determining county and watershed crop acres. Thelin and Stone (2013) used USDA county-level data for harvested-crop acres in conjunction with GfK CRD-level pesticide-use data to estimate county-level pesticide use. For this report, crop acres were obtained from the 2012 and 2013 CDL (U.S. Department of Agriculture, 2013 and 2014) which were then used with the GfK CRD-level pesticide use data to calculate estimates. The reason for changing the data source for crop acres is that USDA harvested-crop acre data were not available at the time use estimates were calculated for the MSQA. In order to provide timely estimates to the MSQA team, CDL acres were used. Use estimates were compiled for counties and watersheds in the Midwestern States that are part of the MSQA study area ( fig. 1) The CDL is a raster, georeferenced, crop-specific land cover data layer. Both 2012 and 2013 CDLs have a ground resolution of 30 meters (U.S. Department of Agriculture, 2013 and 2014) . To obtain crop acres, the Midwestern States were extracted from the National CDL raster. A raster of county boundaries was combined with the CDL raster to produce a new raster (CDL-CO) with all the unique combinations of counties and crop-specific land cover. There are 128 unique land cover classes in each of the 2012 and 2013 CDL data layers, with slight differences between the two years (table 3) . Because the GfK pesticide use data was for selected crops, the CDL was reclassified to match GfK crops (table 3). All other crop categoreies and non-agricultural land were classified as "Other Land" and were not used to determine crop acres.
Reclassification also provides consistent land cover codes between the two CDL data layers, especially for the Pasture/ Hay and Grassland categories. The CDL is produced by using satellite imagery; and because grassland, pasture, and hay have similar spectral signatures, they are difficult to distinguish with imagery. For 2012, CDL codes 37 (Other Hay/Non Alfalfa), 62 (Pasture/Grass), 171 (Grassland Herbaceous), and 181 (Pasture/Hay) were used to designate pasture, hay, and grassland (table 3) . For 2013, CDL codes 37 (Other Hay/Non Alfalfa) and 176 (Grassland/Pasture) were used to designate pasture, hay, and grassland (table 3) . In order to make these categories consistent between the two years, the above CDL categories were reclassified as 176 (Pasture/Hay). Because combining grassland, pasture, and hay categories overestimates pasture and hay acres, it spreads the estimated use over a larger geographic area for those pesticides applied to pasture and hay. Although this approach does not change the total estimated county use for these compounds, it may underestimate the watershed use of some compounds, particulary if the county area outside of an adjacent watershed has a large amount of grassland. Pesticides are usually not applied to nonpasture and non-hay grassland.
As mentioned previously, two different methods, EPest-low and EPest-high, were used to estimate a range of pesticide use. Both methods incorporate a combination of surveyed and extrapolated rates to estimate pesticide use for counties and watersheds, but EPest-low and EPest-high estimation procedures differ in how they treated situations when a CRD was surveyed and pesticide use was not reported for a particular pesticide-by-crop combination. If use of a pesticide on a crop was not reported in a surveyed CRD, EPest-low reports zero use in the CRD for that pesticide-by-crop combination. EPest-high, however, treats the unreported use for that pesticide-by-crop combination in the CRD as unsurveyed, and pesticide-by-crop use rates from neighboring CRDs-or, in some cases, regional rates from CRDs within the same USDA Farm Resource Region-are used to calculate the pesticideby-crop EPest-high rate for the CRD, as described in detail by Thelin and Stone (2013) . Several USDA Farm Resource Regions extend beyond the MSQA states, resulting in EPest-high use for 17 additional pesticide compounds in these "unsurveyed" areas that were not calculated for EPest-low use. Use estimates were calculated for 173 compounds for EPest-low and 190 compounds for EPest-high.
Watershed boundary geospatial data for 100 MSQA stream sites (Naomi Nakagaki and Sharon Qi, U.S. Geological Survey, written commun., 2014) were used to estimate pesticide use, by compound, for each watershed. Pesticide-by-crop EPest-high and EPest-low county use was joined, by crop and county code, to the CDL-CO raster layer for 2012 and 2013. To obtain the use rate for each raster cell in the CDL-CO, the crop-county rate was divided by the number of cells within each county for each unique county and crop combination. MSQA watershed boundaries were then used to extract the portion of the CDL-CO raster within each watershed boundary. For each compound, the CDL-CO cells within each watershed were simply summed to obtain the total pesticide use for that compound in that watershed.
Estimates of annual agricultural pesticide use, by county and watershed, are provided via this report as downloadable, tab-delimited files. County-level estimates are organized by compound (COMPOUND), year (YEAR), state (STATE), state Federal Information Processing Standard (FIPS) code (STATE_FIPS), county FIPS code (COUNTY_FIPS_CODE), estimated amount of pesticide used in kilograms (KG), county area in square kilometers (COUNTYKM2), and total county agricultural land in square kilometers (AGLANDKM2)) (tables 4 and 5). Watershed-level estimates are organized by watershed identification number (STAID), compound (COM-POUND), year (YEAR), estimated amount of pesticide used in kilograms (KGS), watershed area in square kilometers (KM2), and estimated amount of pesticide used per square kilometer (KGSKM2) (tables 6 and 7). Tables 4-7 are available for downloading at http://pubs.usgs.gov/ds/0863/. 
Midwest Stream-Quality Assessment Watershed Pesticide Use
The following figures and graphs are intended to provide a better understanding of pesticide use in individual MSQA watersheds. All MSQA watershed sampling took place during 2013; therefore, the graphs show use for 2013. For simplicity, only EPest-low estimates were used to generate the graphics. The combination of agricultural pesticide compounds used is largely determined by the types of crops grown within a watershed. Figure 2 shows crop cover for each MSQA watershed. The total mass of product applied to all watersheds combined, for those compounds where the total use is greater than 100 kilograms, is given in figure 3 . The total mass of pesticide compounds applied to individual crops for all watersheds combined are given in figure 4. Figure 5 shows the mass of pesticide compound used per square kilometer for the top 14 compounds used, in kilograms per square kilometer, on each MSQA watershed. 
